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(54) Abstract Title 

Semiconductor substrate cleaning method and apparatus 

(57) A stack of vertically aligned semiconductor wafers 10 are cleaned by blowing argon or carbon dioxide 
fine solid particles onto the wafer surfaces. A number of pipes 9a with nozzles 9b which supply the fine 
particles are moved vertically relative to the wafers. In this manner the front and back surfaces of a number of 
wafers may be cleaned at the same time. 
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2325782 



SUBSTRATE CLEANING METHOD AND APPARATUS 



The present invention relates to a cleaning method and 
apparatus and, more particularly, to a cleaning method and 
apparatus suitable for cleaning the surface of a substrate 
such as a semiconductor substrate and a liquid crystal 
substrate. 

In the manufacture of a semiconductor device, to clean 
the semiconductor substrate having a surface on which 
semiconductor elements are formed at a high density is an 
indispensable important step. As the semiconductor devices 
are integrated and micropatterned, to effectively remove 
even fine-particle contamination is necessary in order to 
improve the yield of the manufacture of the semiconductor 
devices • In particular, after a film deposition step or a 
dry etching step where particle contamination tends to 
occur, cleaning with an ammonia-hydrogen peroxide solution 
mixture is conventionally performed. 

A wet cleaning method using such a chemical solution 
causes excessive etching and degrades the reliability of the 
device. In addition, since a large amount of chemical solu- 
tion must be used, the load to the environment increases. 
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To replace this wet cleaning technique, Ar aerosol cleaning 
is under development. 

According to Ar aerosol cleaning, first, Ar gas is 
precooled by using liquid nitrogen or a refrigerating 
machine- The precooled Ar gas is sprayed into a 
low-pressure space through spray nozzle holes to cause 
adiabatic expansion, so that a fluid containing solidified 
fine Ar particles (this liquid will be referred to as Ar 
aerosol hereinafter) is generated. This Ar aerosol is blown 
toward the wafer to bombard the solidified fine particles 
described above against the wafer to remove particle 
contamination on the wafer and' side-wall deposition films 
(this cleaning method will be referred to as Ar aerosol 
cleaning hereinafter). 

Fig. 1 shows a schematic diagram of a known 
cleaning apparatus. The wafer stage is moved back and forth 
with respect to spray nozzle holes 4a so as to blow Ar 
aerosol 5 sprayed from the spray nozzle holes 4a toward the 
entire surface of a wafer 8. This method is disclosed in 
the specification of Japanese Unexamined Patent Publication 
No. 6-283488. Referring to Fig. 1, a rod-like nozzle unit 
4 is arranged to be substantially perpendicular to the 
moving direction of the wafer 8 and to be parallel to the 
wafer 8. The Ar aerosol 5 sprayed from the spray nozzle 
holes 4a blows off contaminant particles 7 attaching to the 
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wafer 8: The free contaminant particles 7 are removed in a 
direction substantially parallel to the substrate. 

According to the known " Ar aerosol cleaning 

apparatus, since fine Ar particles (Ar aerosol) are blown 
toward only the upper surface of the wafer, the lower 
surface of the wafer cannot be processed, leading to a low 
processing efficiency. Since the Ar aerosol and the free 
contaminant particles are removed in the horizontal direc- 
tion, unless the exhaust system is well devised, the 
contaminant particles may fall on the substrate to attach to 
it again. 

The present invention has been made in view of the 
above situation of the prior art, and embodiments aim to 

provide a cleaning method and apparatus in which a cleaning 
fluid of argon gas or carbon dioxide gas is blown toward the 
substrates to process the two surfaces of each of a plurali- 
ty of wafers simultaneously, and reattaching of the removed 
contaminant particles is prevented, so that the substrate 
processing efficiency and the cleanness of the processed 
substrate can be improved. 

According to 

one aspect of the cleaning method of the present 
invention, there is provided a substrate cleaning method 
comprising the steps of supplying a cleaning fluid contain- 
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ing fine argon particles or fine carbon dioxide gas parti-- 
cles to a nozzle unit which is accoininodated in a vacuum 
container and in which spray nozzle holes are arranged to 
blow the cleaning fluid toward a plurality of spaces, where 
a plurality of cleaning target substrates are respectively 
arranged/ from front and back sides simultaneously, dis- 
charging the fluid outside the vacuum container to maintain 
an interior of the vacuum container in vacuum, arranging and 
fixing the plurality of cleaning target substrates respec- 
tively in the plurality of spaces and cleaning the cleaning 
target substrates while vertically moving either one of the 
cleaning target substrates and the nozzle unit so that the 
cleaning target substrates and the nozzle unit vertically 
move relative to each other, and supplying a discharge 
fluid, which constantly discharges the cleaning fluid from 
the spaces, from above the cleaning target substrates • 

The cleaning target substrates may be rotated during 
their cleaning. 



The invention also provides a substrate cleaning apparatus 
comprising a nozzle unit in which spray nozzle holes are 
arranged to blow a cleaning fluid toward a plurality of 
spaces, where a plurality of cleaning target substrates are 
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respectively arranged, from front and back sides simulta- 
neously, a cleaning fluid supply unit for supplying the 
cleaning fluid containing fine argon particles or fine 
carbon dioxide gas particles to the nozzle unit, holding 
means for fixing the plurality of cleaning target substrates 
respectively arranged in the plurality of spaces, a drive 
unit for vertically moving either one of the cleaning target 
substrates and the nozzle unit so that the cleaning target 
substrates and the nozzle unit vertically move relative to 
each other, a discharge fluid supply unit for supplying a 
discharge fluid, which forms a flow that causes the cleaning 
fluid to be constantly discharged from the spaces, from 
above the cleaning target substrates, and a vacuum container 
accommodating the nozzle unit, the drive unit, the holding 
means, and the discharge fluid supply unit, and exhaust 
means for discharging a fluid outside the vacuum container 
to constantly maintain an interior of the vacuum container 
in vacuum. 

The nozzle unit serving a major role in the cleaning 
apparatus may comprise a common pipe and a plurality of nozzle 

pipes branching from the common pipe in a comb-like manner. 

Each of the nozzle pipes may have a plurality of spray 
•nozzle holes formed at a predetermined pitch. 

Furthermore, the holding means in the above cleaning 
apparatus of the principal aspect may comprise roller-like 
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retainers each having a U- ■ or v-shaped groove in a 
circumferential portion thereof. Each cleaning target 

substrate may be fixed with the retainers arranged at at 
least three portions. 

As is understood from the above aspects, when cleaning 
is performed by using the cleaning apparatus of the present 
invention and in accordance with the cleaning method of the 
present invention, the front and back surfaces of each of 
the plurality of substrates can be cleaned simultaneously. 
Hence, the substrate cleaning efficiency is improved and the 
manufacturing ability is -improved. Since the cleaning fluid 
is constantly discharged with the discharge fluid, the 
deposit and contaminants separated from the substrates will 
not attach to the substrates again. As a result, the 
deposit or contaminant removal rate is improved. According- 
ly, the reliability of an electronic device using a sub- 
strate processed by the present invention is improved. 

The present invention may be carried into effect in 
various ways, but an embodiment will now be described, by 
way of example only, with reference to the accompanying 
drawings, in which: 
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Fig. 1 is a schematic diagram showing one example of 
the prior art; 

Fig. 2 is a schematic diagram showing the arrangement 
of an embodiment of the present invention; 

Fig. 3A is a schematic perspective view showing the 
cleaning target substrate holding members and the cleaning 
portions ; 

Fig. 3B is an enlarged perspective view of one of the 
holding members shown in Fig. 3A; 

Fig. 4 is a diagram, seen from one side, of a portion 
of the embodiment shown in Fig. 2; 

Figs, 5 and 6 are graphs respectively showing the 
number of remaining particles on the surfaces of the 
substrate by way of comparison between the prior art and the 
embodiment of the present invention; and 

Fig. 7 is a graph showing the number of wafers cleaned 
per unit time by way of comparison between the prior art and 
the embodiment of the present invention. 



According to an embodiment of cleaning method of the present 
invention, first, a cleaning fluid containing fine argon 
particles or fine carbon dioxide gas particles (Ar aerosol 
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or CO2 aerosol) is supplied to a nozzle unit accommodated in 
a vacuum container. The nozzle unit can clean a plurality 
of cleaning target substrates arranged in the vacuum 
container- It is preferable for the nozzle unit if the 
cleaning target substrates are arranged vertically at a 
predetermined interval to form a horizontal array. 

The nozzle unit is arranged to blow the cleaning fluid 
toward the two sides of the respective cleaning target sub- 
strates that are set to oppose the nozzle unit. More 
specifically, the nozzle unit has a common pipe for supply- 
ing the cleaning fluid, and a plurality of nozzle pipes 
branching from the common pipe in a comb-like manner and 
each formed with a plurality of spray nozzle holes. Each 
nozzle pipe is arranged such that its spray nozzle holes 
perform the cleaning fluid blowing function- When the 
cleaning fluid is supplied to the nozzle unit, the nozzle 
unit can spray the cleaning fluid into the respective 
spaces, where the cleaning target substrates should be set, 
from front and back sides. 

The fluid in the vacuum container is constantly 
exhausted to the outside to maintain, the interior of the 
vacuum container in vacuum. The fine argon particles or 
fine carbon dioxide gas particles blown into the vacuum 
atmosphere are changed to solid particles due to rapid 
temperature * drop caused by adiabatic expansion. The 
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cleaning fluid to be supplied must have a predetermined 
pressure and is precooled as required. 

When the cleaning target substrates are arranged to 
oppose the respective nozzle pipes of the nozzle unit, the 
cleaning fluid is blown toward the respective cleaning 
target substrates in the two directions simultaneously. The 
cleaning target substrates and the spray nozzle holes must 
move vertically relatively to each other so that the 
cleaning fluid is blown to the entire cleaning target 
substrates. For this purpose, either the cleaning target 
substrates or the nozzle unit is moved vertically to clean 
the entire cleaning target substrates. The fine argon solid 
particles or fine carbon dioxide solid particles blow off 
the deposit or fine contaminant particles attaching to the 
two surfaces of each cleaning target substrate. 

Simultaneously, a discharge fluid for discharging the 
cleaning fluid containing deposit pieces and the contaminant 
particles is supplied from above the cleaning target sub- 
strates. As the discharge fluid, nitrogen gas or the like 
may be used. The cleaning fluid containing the deposit 
pieces and fine contaminant particles is discharged toward 
the lower side of the cleaning target substrates. The 
cleaning fluid and discharge fluid containing the deposit 
pieces and fine contaminant particles are exhausted outside 
the vacuum container, and the interior of the vacuum 
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container is accordingly maintained in vacuum- The dis- 
charge fluid is precooled as required . 

An embodiment of cleaning apparatus according to the present 
invention has the arrangement as described above and holding 
members for arranging and fixing the cleaning target 
substrates in the space. 

Furthermore/ the cleaning apparatus has a drive unit 
which can vertically move either the cleaning target 
substrates or nozzle unit. When the drive unit is actuated, 
the cleaning target substrates and the spray nozzle hole 

are inoved vertically relative to each other, so that the 
cleaning fluid is blown toward the entire cleaning target 
substrates. The cleaning apparatus also has a discharge 
fluid supply unit to supply the discharge fluid from above 
the cleaning target substrates and to discharge the dis- 
charge fluid toward the lower portion of the cleaning target 
substrates • 

The cleaning apparatus also has a vacuum container 
which accommodates the nozzle unit, the drive unit, the 
holding members, and the discharge fluid supply unit, and an 
exhaust means for exhausting the fluid outside the vacuum 
container to maintain the interior of the vacuum container 
in vacuum. Before the apparatus is actuated, the exhaust 
means discharges the internal air in the vacuum container to 
set it in vacuum. While the apparatus operates, the exhaust 
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means exhausts the cleaning fluid and discharge fluid 
containing the separated contaminant particles and the like, 
so that the interior of the vacuum container is maintained 
at a predetermined vacuum degree. Since the cleaning fluid 
is discharged into vacuum, the fine argon particles or fine 
carbon dioxide gas particles are changed to solid particles 
due to rapid temperature drop caused by adiabatic expansion. 
The cleaning fluid to be supplied must have a predetermined 
pressure and is precooled as required. The solid argon 
particles or solid carbon dioxide particles remove the 
deposit and contaminant particles attaching to the two sides 
of each cleaning target substrate by blowing. 

Since the discharge fluid is supplied from above the 
cleaning target substrates and flows toward the lower side 
of the cleaning target substrates, the free deposit pieces 
and contaminant particles are discharged outside the 
cleaning target substrate area without attaching to the 
cleaning target substrates again. The discharge fluid is 
precooled as required. . 

The nozzle unit may be constituted by a common pipe and 
a plurality of nozzle pipes. Each nozzle pipe may have a 
plurality of spray nozzle holes formed at a predetermined 
pitch. The nozzle pipes may branch from the common pipe in 
a comb-like manner. The holding member may have a 
roller-like retainer having a U- or V-shaped groove, and 
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each cleaning target substrate is fixed with the holding 
members at least at three portions. 

Figs. 2, 3A and 3B, and 4 show the basic arrangement of 
a cleaning apparatus, i.e-, an aerosol cleaning apparatus, 
according to the embodiment of the present invention. The 
process of generating Ar aerosol is substantially the same 
as that of the conventional method. As the cleaning gas, Ar 
gas and gas are supplied from an Ar gas source 1 and an 
gas source 2, respectively, to form a gas mixture of the Ar 
gas and N2 gas • The gas mixture is precooled to a tempera- 
ture of SCk to 150°K by a cooling system 3- As the gas 
sources 1 and 2, gas cylinders or. gas systems provided to 
the factory are used. The Ar gas source 1 and N2 gas source 
2 must have predetermined supply pressures. The cooling 
system 3 uses a refrigerating machine or liquid nitrogen. 
Prior to the start of the operation of the cleaning appara- 
tus, air in a vacuum container 6 is discharged by an exhaust 
unit 13 so as to evacuate the interior of the vacuum 
container 6 to a vacuum pressure of 10 KPa to 100 KPa. As 
the exhaust unit 13, a vacuum pump or the like is used. 

The gas mixture of the Ar gas and gas as the cleaning 
gas (alternatively only Ar gas can be used) is sprayed into 
the vacuum container 6 having an air-tight structure from 
spray nozzle holes 9a formed in a plurality of nozzle pipes 
9b branching from a common pipe 9c of a nozzle unit 9 in a 
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comb-like manner. At this time, the pressure of the gas 
decreases rapidly to cause adiabatic expansion and also to 
decrease the temperature of the gas rapidly, so that the Ar 
gas forms Ar aerosol 5 containing fine solid particles 
(Joule-Thomson effect). The flow speed of the gas is set to 
1 m/s to 10 m/s- The common pipe 9c is one straight pipe 
arranged horizontally r and the nozzle pipes 9b branch from 
the common pipe 9c at a constant interval in the horizontal 
direction to be perpendicular to the common pipe 9c. The 
extending lengths of the nozzle pipes 9b from the common 
pipe 9c are constant. 

The branch portions of the nozzle unit 9 are constitut- 
ed by the nozzle pipes 9b each having a circular section, as 
shown in Fig. 3A, and wafers 10 as the processing target 
substrates are vertically inserted among the nozzle pipes 9b 
respectively such that they are separated from each other by 
a predetermined gap. It is preferable that the length of 
each nozzle pipe 9b be larger than the diameter of the wafer 
10, that the diameter of each nozzle pipe 9b be 3 mm to 
15 mm, that the minimum distance between the wafer 10 and 
the nozzle pipe 9b be 0.3 mm to 10 mm, and that the diameter 
of the spray nozzle hole 9a be about 0.1 mm to 2 mm. In 
Fig. 4, the wafers 10 are moved vertically on the surface of 
the sheet of drawing, and the Ar aerosol blown from the 
spray nozzles blows off the deposit and contaminant parti- 



- 14 - 



cles 7 attaching to the wafers 10, thereby cleaning the 
wafers 10. 

The spray nozzle holes 9a are formed at a constant 
pitch in the radial and longitudinal directions, and more 
spray nozzle holes 9a are formed in the lower half than in 
the upper half of each nozzle pipe 9b, having a circular 
section, with respect to the horizontal center line, so that 
the flow of the Ar aerosol 5 is directed downward as a 
whole. As shown in Fig. 2, an Ng carrier gas pipe 14 is 
connected to the gas source 2. After being precooled to a 
predetermined temperature by the cooling system 3, the N, 
carrier gas is supplied from above the wafers 10 downward. 
Hence, the contamination particles separated from the wafers 
10 by the lower exhaust unit 13 are effectively discharged 
downward through the gaps of the wafers, and are then 
exhausted outside the vacuum container 6. The Nj carrier gas 
pipe 14 also has pipe portions branching from a common pipe 
portion in a comb-like manner. Spray nozzle holes 14a are 
formed in the bottom portion of each branch pipe portion at 
a constant pitch in the longitudinal direction. The 
diameter of the spray nozzle holes 14a is preferably set to 
about 0.1 mm to 1 mm. 

The wafers 10 are moved vertically so that the Ar 
aerosol 5 sprayed from the spray nozzle holes 9a sufficient- 
ly spreads over the entire surfaces of the wafers 10. This 
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vertical movement is performed about 10 to 100 times during 
the substrate cleaning step. The wafers 10 are securely 
fixed with substrate holding members 11 so as not to 
vibrated upon vertical movement and bombardment of the Ar 
aerosol 5 against them. Each substrate holding member 11 
preferably has a roller shape having a shallow U- or 
V-shaped groove, as shown in Fig, 3B/ and one wafer 10 must 
be fixed with the substrate holding members 11 at at least 
three portions. 

The wafers 10 may not only be moved vertically but also 
be rotated. The wafers 10 may be fixed, and the nozzle unit 
9 may be moved vertically. Although the number of wafers 10 
in one group is 5 in Figs. 2 and 4, it is usually 25 to 50, 
and can be a number falling outside this range. An appro- 
priate number wafers is determined in accordance with the 
design of the cleaning apparatus. 

After processing, the group of wafers 10 are removed 
from the processing positions by moving the substrate 
holding members 11 downward, while this group of wafers 10 
are being processed in the vacuum container 6, another group 
of wafers 10 to be processed next wait in a preliminary 
vacuum container (not shown) adjacent to the vacuum contain- 
er 6. This next group of non-processed wafers 10 are trans- 
ferred from the preliminary vacuum container to the vacuum 
container 6, are inserted among the nozzle pipes 9b in the 
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same manner, and are fixed with the substrate holding 
members 11, thus completing setting of the wafers 10 to the 
processing positions. The group of processed wafers 10 are 
exchanged for the group of non-processed wafers 10 and are 
transferred into the preliminajry vacuum container. The 
space in the preliminary vacuum container can be separated 
from the space in the vacuum container 6. 

Subsequently, the space in the preliminary vacuum 
container is separated from the space in the vacuum contain- 
er 6, and the pressure of only the preliminary vacuum 
container is open to. the atmosphere- Thereafter, the 
processed wafers 10 are extracted from the preliminary 
vacuum container to the atmosphere side, and the wafers 10 
to be processed next are loaded in the preliminary vacuum 
container. 

After loading and unloading of the wafers 10 are ended, 
the preliminary vacuum container is evacuated until it 
reaches a vacuum degree equal to that of the vacuum contain- 
er 6. When the vacuum degree becomes equal to that of the 
vacuum container 6, separation of the preliminary vacuum 
container is canceled, and the preliminary vacuum container 
is connected to the vacuum container 6. Thereafter, the 
unprocessed wafers 10 are transferred from the preliminary 
vacuum container to the processing positions in the vacuum 
container 6, and the processed wafers 10 are transferred 
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from the vacuum container 6 to the preliminary vacuum 
container. Then, an operation identical to that described 
above is repeated. 

Figs. 5 to 7 show examples of the comparison result 
between the prior art and the present invention. 

Fig- 5 is a graph showing comparison between the prior 
art and the present invention concerning the number of 
remaining particles on the upper/front surface of the 
substrate. 

When a cleaning method according to an embodiment of the present 
invention is employed, the number of particles remaining on 
the upper/front surface of the substrate can be reduced to 
a fraction of that of the prior art. This is because the 
separated contaminant particles are carried on the N2 carrier 
gas supplied from above and are removed effectively in the 
direction of gravity to the outside of the wafer area. 

Fig. 6 is a graph showing comparison between the prior 
art and the present invention concerning the number of 
remaining particles on the lower/back surface of the 
substrate. 

When a cleaning method according to an embodiment of the present 
invention is employed, the number of particles remaining on 
the lower/back surface of the substrate can be reduced to a 
fraction of several ten times that of the prior art. This 
is because the prior art does not have a mechanism that 
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removes -'the contaminant particles on the lower and upper 
surfaces of the substrate simultaneously. 

Fig. 7 is a graph showing comparison between the prior 

art and embodiments of the present invention concerning 
the number of substrates processed per unit time. Assume 
that 25 wafers are to be processed by batch processing in 
accordance with the present invention. When the time 
taken for processing in accordance with the present 
invention is compared with the time taken for 

processing only the upper surface of the substrate in accor- 
dance with the prior art, the number of wafers that can be 
processed per hour is improved to 20 times or more. When 
this result is compared with the prior art wherein the upper 
and lower surfaces of the substrate are processed separate- 
ly, a processing ability of 40 or more times can be ob- 
tained. 
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CLAIMS 

1. A substrate cleaning method comprising the steps 

of : 

supplying a cleaning fluid containing fine argon 
particles or fine carbon dioxide gas particles to a nozzle 
unit which is accommodated in a vacuum container and in 
which spray nozzle holes are arranged to blow said cleaning 
fluid toward a plurality of spaces, where a plurality of 
cleaning target substrates are respectively arranged, from 
front and back sides simultaneously; 

discharging said fluid outside said vacuum container to 
maintain an interior of said vacuum container in vacuum; 

arranging and fixing the plurality of cleaning target 
substrates respectively in said plurality of spaces and 
cleaning the cleaning target substrates while vertically 
moving either the cleaning target substrates or said 

nozzle unit so that the cleaning target substrates and said 
nozzle unit vertically move relative to each other; and 

supplying a discharge fluid, which constantly dis- 
charges said cleaning fluid from said spaces, from above the 
cleaning target substrates. 

2. A method according to claim 1, wherein the cleaning 
target substrates are rotated during the step of cleaning the 
cleaning target substrates - 

3- A substrate cleaning apparatus comprising: 
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a nozzle unit in which spray nozzle holes are arranged 
to blow a cleaning fluid toward a plurality of spaces, where 
a plurality of cleaning target substrates are respectively 
arranged, from front and back sides simultaneously; 

a cleaning fluid supply unit for supplying a cleaning 
fluid containing fine argon particles or fine carbon dioxide 
gas particles to said nozzle unit; 

holding means for . fixing the plurality of cleaning 
target substrates respectively arranged in said plurality of 
spaces ; 

a drive unit for vertically moving either . * the 

cleaning target substrates or- said nozzle unit so that the 
cleaning target substrates or said nozzle unit vertically 
move relative to each other; 

a discharge fluid supply unit for supplying a discharge 
fluid, which forms a flow that causes said cleaning fluid^ to 
be constantly discharged from said spaces, from above the 
cleaning target substrates; and 

a vacuum container accommodating said nozzle unit, said 
drive unit, said holding means, and said discharge fluid 
supply unit, and exhaust means for discharging a fluid 
outside said vacuum contain'er to constantly maintain an 
interior of said vacuum container in vacuum. 

4. An apparatus according to claim 3, wherein said 
nozzle unit comprises a common pipe for supplying said 
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cleaning fluid and a plurality of nozzle pipes branching 
from said common pipe in a comb-like manner, and each of 
said nozzle pipes has a plurality of spray nozzle holes 
formed at a predetermined pitch. 

5. An apparatus according to claim 3, wherein said 
holding means comprises roller-like retainers each having a 
U- or V-shaped groove in a circumferential portion thereof, 
and each one of the cleaning target substrates is fixed with 
said retainers arranged at at least three portions. 

6. An apparatus according to claim 3, wherein each of 
said spray nozzle holes of said nozzle unit has a diameter 
that falls within a range of 0.1 mm to 1-0 mm. 

7. An apparatus according to claim 3, wherein a 
vertical movement of either one of said nozzle unit and the 
cleaning target substrates is performed within a range of 10 
to 100 times during the cleaning step. 

8. An apparatus according to claim 4, wherein each of 
said nozzle pipes has a length larger than a diameter of the 
cleaning target substrate. 

9. A substrate cleaning method substantially as herein 
described, with reference to Figures 2 to 7 of the accompanying 
drawings . 

10. A substrate cleaning apparatus substantially as herein 
described, with reference to Figures 2 to 7 of the accompanying 
drawings. 
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